Abstract. We present the geometry and field parameters of an Electron Spectrometer (ES) with two dipole magnets, considered for electron energy measurements at the High Fields QED experimental area at ELI-NP. The first magnet is a 2 meter long permanent magnet, placed inside the Interaction Chamber (IC). The second magnet is a 1.5 meters long electromagnet, placed outside IC. The pulsed electron beam will be produced by the 10 PW pulsed Laser, 'pump-beam', focused into one meter long capillary low density plasma cell. A second 10 PW pulsed Laser, 'probebeam', will interact with the relativistic electron bunch providing the strong electromagnetic field. The ES will measure the subtle changes in the electron energy spectrum as a result of the electron beam interaction with the probe-beam field.
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Introduction
At the High Fields QED experiments proposed at ELI-NP [1, 2, 3] the two 10 PW Laser beams will be focused on solid or gas targets. For the gas target experiments, a pulsed Laser ( pump) beam is focused with the F/20 parabolic mirror in a long capillary cell ( Fig.1 ) to produce and accelerate bunches of electrons through the wakefield acceleration in plasma [4] . At the exit of the capillary the electrons interact with a second (probe) Laser beam focused with the F/3 parabolic mirror. The intensity of the probe in the focus has to be between 10 22 and 10 23 W/cm 2 to assure that the normalized transverse vector momentum of the laser field a 0 = eA/mc 2 is much bigger than one. The electrons gains a longitudinal drift momentum proportional with a 0 2 that can be significant if the probe beam is opposite to the direction of the electron bunch. In such strong fields the radiation reaction force is equal or even exceeds the applied force of the Laser field. The experiment can potentially study the radiation reaction force and the non-linear Compton effect. The radiation reaction was studied with the Lorentz-Abraham-Dirac equation [5] but also through perturbative [6] or non-perturbative [7] approaches and is the subject of recent experiments [8] .
In a previous experiment [9] , the energy spectrum of a wakefield accelerated electron beam was measured with a 40 cm long electromagnet. Because at ELI-NP, the electron energy is expected to exceed 10 GeV, a permanent magnet (2 m long) followed by an electromagnet (1.5 m long) was suggested for such measurements (Fig.1 ). The energy resolution E/E of the Electron Spectrometer, depends on the electron energy, the magnetic flux intensity, the length and the high of the gap located between the two magnets. We calculated the relative energy lost E/E=20% of electron beam due to the nonlinear Thomson scattering [10] of a pulsed laser beam (with 25 fs/pulse and 10 22 W/cm 2 ). Therefore an energy resolution E/E better than 10% should be sufficient to resolve the fine changes in the electron-energy spectrum due to 'radiation-reaction' and other strong fields effects.
The electrons with high enough energy exit through the vertical face of the permanent magnet, enter in the gap of a 1.5 meter long electromagnet and interacts with the Lanex Scintillating Screens (SS) located outside the IC. The light emitted from the electron spot on the SS is detected by CCD cameras located on the lateral or the top walls of the IC.
Considering a uniform magnetic field in the gap volume delimited by the two poles (Fig.2) the smallest width (G) of the gap, required for the electrons to exit the magnet without interacting with the lateral walls, is entrance point of the beam ± dx and in the angle ( ) between the incoming electron beam direction and Z axis. The angle varies from shot to shot due to the electron transverse momentum acquired during acceleration.
FIGURE 2. The geometry of the magnet gap is projected in the horizontal plane (XZ) passing through the center of the magnet and the Z axis, that is the axis of symmetry for the magnet poles. The direction of the electron beam axis is in the XZ plane and makes the angle with the Z axis., The trajectories of the electrons emitted from the capillary cell are located inside the cone with opening angle (the triangular filled area).
The expected uncertainty dx is 0.1 cm. The angular uncertainty in the electron beam axis = 0.02 rad and the electron beam divergence = 0.005 rad [9] . The suggested modular Electron Spectrometer is made from a permanent magnet (section 2) and an electromagnet (section 3). The precision in energy measurement is calculated in section 4.
The Permanent Magnet
The geometry of the fixed dipole magnet with NdFeB magnets and cylindrical Iron yoke is presented in Fig.3a (Fig.3b) was used to compute the electron trajectory in the YZ plane.
(a) (b) FIGURE 3: A) The geometry of the magnet is presented in the vertical plane (XY) normal to the axis of the Laser beam (Z axis). B) The map of the magnetic flux density in the circular dipole magnet with permanent magnets and cylindrical Iron Yoke, is presented in the vertical plane XY normal to the Laser beam axis (that is the Z axis).
The 200 cm long magnet (with its transversal cross section presented in Fig. 3 ) has a 58.5 cm high gap. The point where the electron beam enters that Gap is marked with a star in Fig. 3 . Because the resolution power of the fixed dipole magnet depends on the length of the electron trajectory in the field, it is necessary that the Laser beam enters the cylindrical magnet, close to the top of the gap but bellow the Iron shield.
The Electromagnet
The magnetic flux density on the surface of the Comsol model for the electromagnet and the field calculated along vertical axis are presented in Fig. 4 . The "C" Iron yoke provides the return flux for the magnetic field. The electromagnet has two solenoids with copper coils cooled with water. The origin of the axis is in the center of the gap. The gap width for the electromagnet is G=7.6 cm and the gap height is 30 cm. 
The Precision in Energy Measurement
The magnetic field of the first magnet built from NdFeB permanent magnets does not change when the strong Electromagnetic Pulse is emitted upon the LASER beam interaction with the target. We consider that the electron bunches enters parallel with the Z axis, uniform B field confined inside the gap and the tilt angle of the electron momentum when the electron exit the field region. The vertical displacement of the electron bunch, measured on the exit face of the magnet, is given by equation 2, where R and L are the radius of electron trajectory (in the magnetic field) and the length of the magnet respectively: 2 2 (1 cos ) y R R R L
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The radius depends on the electron energy (E) and on the magnetic field = 1/( ) where = /
. Therefore the change in the vertical displacement of the electron bunch center divided with the small change in its energy is equal with:
3)
The magnetic field of the electromagnet is B 2 = 1.5T. The radii of the trajectories for an electron moving in the magnetic fields B 1 and B 2 are R 1 and R 2 respectively. The vertical displacement of the electron bunch after passing though the fields of the two magnets is equal with the sum of the two vertical displacements due to each magnet:
The diameter of the electron bunch when it enters in the field is less than 0.5 mm. After passing through electromagnet the diameter of the electron spot is between 1 and 2 mm due to the Coulomb interaction between electrons. Two electron-beam spots with energies E and E-dE can still be resolved, if the distance between their centers is bigger or equal with the diameter of a spot. The energy derivative of the displacement (T=dY 1,2 /dE) was calculated from equation 4. In Fig. 4 , the relative energy uncertainty dE/E = -Y 1,2 /( calculated for electrons with energy E (spot diameter d = -Y 1,2 ), for a 4 m long magnet (with B=1 T) and for the assembly of two magnets. In the last case, the energy resolution for 38 GeV electrons is 1.75% if d= 1 mm or 3.5% if d=2 mm. Fig. 5a presents the relative error in the electron bunch energy (with 1 or 2 mm diameter spot). The angle between the direction of the electron momentum and the Z axis, at the exit of the 4 m long permanent magnet or of the assembly of two magnets is calculated for electrons with energies 1.5 GeV to 38 GeV.
Conclusion
The gap width depends on the angular dispersion of the electron beam at its entrance in the field. Considering the angular dispersion in the electron beam axis of 0.02 radians and the longitudinal and intrinsic energy dispersion, the expected uncertainty in energy measurement is between 5% and 10%. Because the diameter of the electron bunch increases with the length of the electron trajectory, the spot diameter is smaller for the assembly of two magnets than for a 4 m long magnet. A 1 meter long superconducting magnet, with a peak field of 6 T, can provide the same energy resolution like a 4 m long magnet. However such a magnet exceeds the budget and can be damaged by the electromagnetic pulses generated upon the laser interaction with the target.
